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some of the more important technical advances, nor is i t  
permissible a t  this time to dwell upon certain developments, 
such as a new rSle played by clay in chemistry, but it is hoped 
that this hasty contribution may afford some conception as to 
the activities in the ceramic industries. 
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Ever since its inception one of the vital problems of the 
ceramic industry has been the question of suitable refractory 
materials, both for use in its own factories and as a product 
which will meet the demands of the other industries which re- 
quire the highest grade of refractories. These materials must 
have sufficient strength under normal conditions to carry the 
weight of the structure of which they are an integral part and 
must, ftirthermore, have sufficient refractoriness to carry this 
same load under the extreme heat conditions to which they are 
subjected. 

I t  has always been customary to regard heat insulation in a 
refractory material equally desirable with resistance to fusion, 
probably because these properties are intimately associated in 
the case of the common type of fire brick or saggar mix of the 
aluminous silicate type which are highly refractory and are such 
poor conductors of heat that in comparison with metallic sub- 
stances they can safely be classed as heat insulators. However, 
only a superficial study of the problems involved in the burning 
of ware in saggars or muffle kilns reveals the fact that heat con- 
ductivity of the refractories used, besides being highly desirable, 
is a potent factor in the economical operation of the process. 

For many years men connected with all branches of the clay- 
working industry have been seeking a more effective means of 
burning clay products in a shorter time and with less fuel. Es- 
pecially is this true, and the need for it was never greater than 
at the present time when the vital needs of the country must 
be met with a maximum of fuel economy. Most of the efforts 
have been along the line of improving kiln design so that the 
maximum amount of heat is extracted from the gases of combus- 
tion before they pass into the stack. In most cases this is accom- 
plished by passing the gases from the hot zone or chamber over 
ware in other zones which is a t  a muchlower temperature, and 
thereby gradually raising the temperature of the ware by the 
utilization of the sensible heat of the gases after they leave the 
combustion zone. All agree that when ware is being burned a t  
a high maturing temperature one of the vital points of fuel 
economy is to get as much as is possible of the heat of the gases 
transferred from them to the ware. 

In the pottery and allied industries where the ware is burned 
in saggars or by setting on shelves or bats, a solution of this prob- 
lem resolves itself into the proper selection and utilization of a 
refractory material which will more quickly and more easily 
absorb the heat from the surrounding gases and transmit and 
deliver it to the center of the bearing structure. The essential 
physical properties which govern the selection of the best refrac- 
tory for this purpose are strength, specific heat, thermal con- 
ductivity, and emissivity. Of course in connection with these 
it must have the required refractoriness and be able to with- 
stand the necessary handling without breakage. 

The element of strength, both transverse and compressive, is 
one of the properties which is too often overlooked in the selec- 
tion of the proper refractory material. By using a material of 
high mechanical strength, both under normal and heat condi- 
tions, not only is the loss by breakage materially reduced, but 
primarily the walls of the building material can be very much 
thinner, with the consequence that the heat is conducted to the 
ware much more readily, to say nothing of the saving in kiln 
space and the smaller amount of heat required to bring the 
building material up to the maturing temperature of the kiln. 
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The specific heat of the refractory is the important physical 
property required in calculating the number of thermal units 
that are really wasted in bringing the large mass of the support- 
ing material from normal temperature up to the finishing tem- 
perature of the kiln. In some instances where the weight of 
the bats and saggers is equal to or more than the weight of the 
ware which it protects and supports, it means a considerable 
item in the burning cost. 

As a concrete example of the exact factors involved in the 
transfer of heat from the hot kiln gases to the ware, let us con- 
sider the specific case of a plant which is burning ware in sag- 
gars, the saggars being set in stacks so arranged in the kiln that 
their entire peripheral surface is exposed to the kiln gases. The 
spaces between the saggar stacks can be assumed to be chimneys 
and the velocity of the gases through them will depend upon 
their size and shape and also upon the draft of the kiln. Assume: 

I-That the turbulence is such as to make a fairly uniform 
temperature in the kiln a t  any point on one of a system of sur- 
faces which is symmetrical about the gas passage; and 

a-That the average temperature on these surfaces is the aver- 
age of the temperature of the gases a t  ingress and egress. 

It is evident that these hypotheses mean that the turbulence 
is controlled by some finite law and that a graph indicating the 
temperature gradient through the kiln would be a straight line. 
These hyp’otheses hold fairly well if the motion of the gases is 
so slow as to make the turbulence negligible or if the motion of 
the hot gases is so great as to make the turbulence very great. 
The quantity of heat then that will pass through the walls of the 
supporting refractory medium in a given time and be delivered 
to the center of the saggars will depend upon the excess temper- 
ature of the gases over the ware and the thermal conductivity 
of the refractory and will be a direct function of the emissivity 
of it. 

When heat waves strike a body some of them are absorbed and 
some of them reflected, unless the body be what is knownas a 
black body, in which case all of the heat rays are absorbed. All 
other bodies absorb a definite percentage of the heat waves 
which strike their surfaces and reflect the rest, the exact ratio 
of conduction and radiation being dependent upon the surface 
and the character of the body. This ratio for any material is 
what is known as the emissivity factor of that material. Under 
like conditions the same ratios hold true for the radiation of heat 
units from any solid body into a gaseous medium. The emis- 
sivity factor for any substance can then be determined experi- 
mentally by finding the radiation per second per unit surface 
area per degree difference in temperature. As the quantity of 
heat that will cross the boundary plane between the solid and 
the gas per unit time is dependent upon a factor other than the 
thermal conductivity of the solid, it is readily observed that the 
emissivity factor of the refractory which is usually neglected is 
an important consideration in the absorption of the greatest 
amount of the sensible heat from the gases which come in con- 
tact with it. 

Crystallized silicon carbide or carborundum, as it is most com- 
monly called, has long been recognized as having unique phys- 
ical properties which make it peculiarly adaptable in the construc- 
tion of highly refractory materials. However, up to the present 
time it has not had a very wide application in this field owing 
to its high price and also to the lack of sufficient quantities to 
supply other than the abrasive industry, which of course is its 
field of primary importance. 

At the present time there are two types of crystallized carbo- 
rundum refractories which have been highly developed. The 
first type which goes under the trade names of “Refrax” and 
“Silfrax,” depending upon whether the crystallization of the 
aggregate is large or small, is made according to patents which 
in general cover the silicidizing of mixtures of carbon and silicon 
carbide or carbon forms and their subsequent conversion into 
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carborundum by subjecting the carbon to silicon-containing 
vapors a t  the heat of the electric furnace. The carbon is con- 
verted into carbide of silicon forming a dense interstitial binder 
or matrix between the crystals. Of course there are many 
modifications of this process but the essential characteristic of 
this type of refractory is that the final products obtained are 
pure silicon carbide. 

The other type which is known as “Carkofrax” is the type 
most generally applicable for use in the ceramic industries. It 
is made by bonding graded crystallized carbide of silicon grains 
with various percentages of a mixture of special refractory clays 
or other bonding substances. 

When bonded with even a high percentage of clay binder, 
brick which contain carborundum give very great refractory 
values. However, since the refractoriness of a conglomerate 
refractory mass is a direct function of the amount and character 
of the least refractory constituent, it  is recognized that the ideal 
condition to be obtained is that the amount of binding material 
used be the least which is consistent with the requisite strength; 
and that the vitrification temperature of the binder be as high 
as is commercially practicable. Mixtures of grits and methods of 
bonding are employed which insure a very dense body of low 
porosity with but a minute percentage of refractory clay binder 
and a t  the Same time allow the manufacture of large and intri- 
cate shapes. 

product of that particular class of refractory. 
made to compare different brands of the same material. 

No attempt was 

TABLE I 

MATERIAL 

Compressive 
Specific Thermal Strength. Lbs. 

Heat Condiictivity per sq. in. 
Fire Brick ....................... 0.192 0.0034 1,050 
Saggat Mix ...................... 0.187 0.0033 1.340 
Magnesite.. ..................... 0.220 0.0071 4.800 
Chrome ......................... 0.174 0.0067 3,900 
RefrHx .......................... 0 162 0.0275 12.500 
Carbofritx ....................... 0.180 0.0243 14,700 
Silica.. ......................... 0.191 0.0020 2,300 

A comparison of the thermal conductivities of the materials 
reveals the fact that the carbofrax brick will conduct about three 
times as much heat as magnesite, seven times as much as the 
saggar mix, and twelve times as much as a silica brick in the 
same period of time. 

Fig. I1 graphically represents the relative efficiencies of vari- 
ous refractory materials as obtained by using the values of 
specific heat, thermal conductivity, and emissivity in the formula 
for the law governing the transmission of heat from a gas to the 
interior of a solid body. The table is arbitrarily based with the 
abscissas representing relative efficiencies while the ordinates 
give difference of temperature. A study of the results demon- 
strates that the materials with a high emissivity factor and high 
coefficient of heat conductivity show several times the efficiency 
of those with correspondingly lower values with the same thick- 

FIG. I FIG. I1 

Experimentation has shown that crystalline silicon carbide 
forms a t  1840’ C. and dissociates a t  2240’ C. into its elements, 
the silicon being volatilized and the carbon remaining as graphite. 
N o  softening or fusing occurs below the dissociation temperature 
which is shown by the sharp and perfect forms of graphite pseu- 
domorphs or skeletons which are left when silicon carbide dis- 
sociates. This is in direct contrast to most other refractories, 
such as silica, chrome, and fireclay brick, which soften at  a tem- 
perature several hundred degrees lower than their fusion 
point. 

Fig. I shows the emissivity curves of several common refrac- 
tories. The curves for this factor were accurately plotted from 
results obtained by very complex experimental methods which 
are too cumbersome to describe in this paper. It will be noted 
that the emissivity of both classes of crystallized carborundum 
brick is much higher than either magnesite or chrome brick and 
almost double that of clay brick at a temperature of zooo C. and 
higher. 

Table I shows the results of some tests made on the most 
common types of refractory materials. The specimens tested 
were selected at  random as being representative of the average 

ness of wall. Compressive tests of the materials show that the 
carborundum refractories have a load-carrying capacity over 
ten times as great as the saggar mixture under normal tem- 
peratures. Under heat conditions this ratio are considerably in- 
creased because there is absolutely no softening of this class of 
material a t  1350’ C., while the saggar mix at  the same temper- 
ature shows a deformation with a load of 50 lbs. per sq. in. In 
fact, blocks of bonded silicon carbide are used as bearing blocks 
in making load tests on refractories a t  high temperatures. It 
would then be possible to use refractories for supporting ware 
in kilns with walls one-tenth as thick as are ordinarily used with 
the aluminous silicate type of refractories. Since the 
amount of heat transmitted by a solid is inversely proportional 
to its thickness, the efficiency already demonstrated by high 
thermal conductivity and emissivity would be multidlied by ten. 

Aside from the importance of fuel economy, the high thermal 
conductivity and heat capacity of crystallized carborundum im- 
part to refractories made from it the property of withstanding 
the most sudden temperature changes because any variance in 
the temperature of the surface is quickly communicated to the 
whole mass and the heat is rapidly dissipated. Thus, the 
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molecular work resulting from it is uniform, and refractory 
shapes of this type can be subjected to the most sudden September 27, 1918 
variations of temperature without being cracked or dis- 
integrated. 

As silicon carbide is not subject to any molecular changes The pyrophoric alloy industry is a very young industry and 
being formed a t  1850’ C. in a crystalline state, and has an is intimately associated with the rare earth industry which is 
extremely low coefficient of expansion, no porous structure is also a comparatively young one. In order to make the situa- 
necessary and a high density can therefore be obtained. This is tion clear, it  will be necessary to briefly outline the meaning, 
not posqible with most refractories since they contain ingredi- foundation, and history of the rare earth industry. The term 
ents which have one or more allotropic forms and must be made means the industries which mine, separate, purify, and use the 
open and porous to withstand successfully the internal stresses. earthy metals or salts of metals formerly considered rare, i. P . ,  

The low coefficient of expansion and high density of carbo- cerium, lanthanum, didymium, yttrium, zirconium, and tho- 
rundum brick permits the construction of solid structures in rium. The rare earth industry was founded in 1885 by an 
places where the leakage of heat and gases through cracks in Austrian, Baron Auer von Welsbach, who while investigating 
the walls due to alternate contraction and expansion is a detri- certain ores noted the brilliant light-emitting qualities of their 
ment to the successful operation of the process. oxides, and invented the incandescent gas mantle. This gas 

In an effort to obtain the complete combustion of a fuel there mantle was made fro-r oxides of lanthanum and zirconium to 
is a growing tendency to increase the temperature of the fire- which a little cerium oxide was added. Welsbach secured pat- 
boxes or furnaces. Ordinary firebrick, even of the best grade, ents in various countries and sold them to investors. About 
fuse under the high temperatures developed and are attacked 1887 the industry took root in the United States with the forma- 
by the fluid ashes of the coal. This fluid ash which SO violently tion of the Welsbach Light Company. The early gas mantles 
attacks fireclay brick forms a hrownish coating or glaze Over proved somewhat of a disappointment. Welsbach was in dan- 
the exposed portion of the carborundum brick which is unat- ger Of being discredited and pushed his research further, par- 
tacked by any additional fluid ash which is formed in the fire- tiCUkdrly investigating ores Of thorium. The early mantles gave 
box. Owing to their extreme hardness this type of brick does only about IO candle Power Per cu. ft. of gas, but the use of 
not sufier from deterioration as do the common refractories thorium salts considerably improved this, and purer and still 
when struck by the tools of the firemen during the process of Purer thorium salts were tried until finally the salts were made 
cleaning the fires. so pure that they emitted no light a t  all. To make a long 

story short, it  was found that while thoria should be the main 

I or 2 per cent of other oxides, chiefly cerium oxide, was essential 
to high light-emissive value. This leads us to the present incan- 
descent gas mantle, with which we are only indirectly concerned 
in so far as its production leads to the making of by-products 
from which pyrophoric 

The original sources of thoria (thorite) found in Norway proved 

SYMPOSIUM ON METAL INDUSTRIES 

THE PYROPEORIC ALLOY INDUSTRY 
BY ALCAN HIRSCH, Consulting Chemist, New York City 

Carborundum is manufactured by passing an electric 
through a mixture of sawdust, sand, and coke in a long rectan- and the constituent Of a the presence of 
gular resistance furnace. 
amount of electrical energy, the central portion of the furnace 
is brought up to about 22000  c., at which temperature the silica 
is volatilized. One of silicon combines with One of 
carbon, forming a core of pure crystallized silicon carbide be- 
tween the electrodes in opposite ends of the furnace. Imme- 

By the utilization of an 

is produced* 

diately surrounding this is a 

ically it is a mixture of several silico-carbides which vary in 
position from to SiaCBO. This represents a partial 

silica. 
This material is also highly refractory but, owing to its lower 

heat of formation and lack of definite crystalline structure, it  is 

line variety. However, it  has a wide application in places where 
a higher degree of refractoriness is required than can be obtained 
in the best grade of fireclay brick. 

Finely ground firesand when mixed with a bonding material, 
such as kaolin or high-grade plastic fireclay, makes a refractory 
which can be moulded in place or plastered over the surface of 
a lower grade refractory to protect it from the Cutting action of 
impinging flames. Owing to the fact that even the intense re- 
ducing heat of an oil flame does not cause any modification of 
the firesand, it has come to be a recognized material for the 
linings of brass furnaces of all types. It is also used as a pro- 
tective coating for the brickwcih of furnaces, bag and baffle 
walls, and the walls of potter’s kilns. For this work it is mixed 
with water and sodium silicate, and Often a small amount Of 

clay to increase the adhesion, and applied to the walls in a slip 
condition. 

Refractory materials made of mixtures containing silicon car- 
bide are now being used in various capacities in the ceramic as 
well as the metallurgical industries. When the thermal effi- 
ciency and the increased permanance of structures made from it 
are recognized it promises to have a much wider application in 
the burning of ceramic wares. 

of the amorphous variety of totally insufficient in quantity to supply the demand of thoria 

therefore, turned to monazite sand, found rather plentifully in 
Brazil and India and to some degree in North Carolina as a source 

phoric acid, and most of the rest is made up of variousoxides 
of the rare earths, 20 to 30 per cent cerium oxide, 20 to 30 per 
cent oxides of lanthanum and didymium in varying proportions~ 
and small percentages of the yttrium and zirconium oxides. All of 

ness. It is the to Io per cent of thorium oxide, generally about 
per cent, for which the monazite sand is bought and worked 

up. More than a quarter of a million pounds a year of thorium 
oxide is made in the United States from about 5,000,ooo lbs. of 
monazite sand with the by-product mostly wasted. This by- 
product of so-called “cerium oxides” or tarnixed rare earth metal 
oxides” is considerably more than I,OOO,OOO lbs. per annum, and 
this by-product constitutes the raw material for making pyro- 
phoric alloy. 

here be made clear that what is called “metallic 
cerium” and used as such is really a mixture of cerium, lantha- 
num, didymium, samarium, etc., all very closely allied and very 
similar metals. It is not necessary to separate them, but the 
salts for making the metal must be purified. The process for 
making metallic cerium and the like is described in u s, Patent 
1,273,223, patented July 23, 1918, to Alcan Hirsch and Marx 
Hirsch, inventors. 

The metal is made in an electric furnace by electrolysis which 
consists in passing an electric current in a certain manner through 
a molten salt of the metals to be pioduced, called the electrolyte. 

The first problem is, therefore, the making of the electrolyte. 
We have found that to secure an electrolyte suitable for the 

carborundum which is commercially known as firesand. for use in gas The manufacturers Of gas 

tion of silica by carbon or a solid solution of silicon carbide in Of thoria. About I 5  to So per cent Of monazite sand is phos- 

not as under high temperature as the crysta1- these are practically useless in any quantity in the gas mantle busi- 

It 
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